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METHOD FOR ADAPTIVELY MANAGING A
SOLID STATE DRIVE, AND ASSOCIATED
APPARATUS AND ASSOCIATED COMPUTER
PROGRAM PRODUCT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present ivention relates to a TRIM control mecha-
nism of a file system established on a solid state drive (SSD),
and more particularly, to a method, an apparatus and a
computer program product arranged for adaptively manag-
ing an SSD.

2. Description of the Prior Art

According to related arts, after a traditional solid state
drive (SSD) has been used for a period of time, the access
ciliciency thereof will greatly drop due to the inherent
characteristics of the SSD. To recover the desired access
performance of the SSD, a garbage collection mechanism 1s
usually utilized to recycle and re-use storage spaces. How-
ever, when files are deleted, only the metadata located 1n the
upper layer, such as the file system layer, will be changed.
In this situation, the lower layer of the SSD will not be
informed. Hence, the storage space corresponding to the
deleted data will not actually be recycled, this results 1n
degraded access performance of the SSD.

In related arts, the TRIM command is used to solve the
alorementioned 1ssue. The TRIM command 1s a standard
hard drnive command. Through utilizing the TRIM com-
mand, when the file system deletes files, the SSD may be
informed of which space 1s no longer used. Recently, due to
the development of SSDs, most of current operating systems
support the TRIM command. Two traditional schemes for
issuing the TRIM command are introduced as follows.

Please refer to FIG. 1, which 1s a diagram 1llustrating a
related art online 1ssue scheme. The online 1ssue scheme
may be realized as: immediately sending a TRIM command
sent to the SSD upon deletion of a file. For example, when
a file with a size of 500K 1s deleted and a corresponding
TRIM command 1s i1ssued (denoted as “delete 500K™ and
“TRIM S00K.,” respectively, in FIG. 1, wherein K represents
Kilobyte), then a file with a size of 5K 1s deleted and a
corresponding TRIM command 1s 1ssued (denoted as “delete
SK” and “TRIM 5K.,” respectively, in FIG. 1), then a file
with a size of 1K 1s deleted and a corresponding TRIM
command 1s 1ssued (denoted as “delete 1K” and “TRIM
1K,” respectively, in FIG. 1), then a file with a size of 3K 1s
deleted and a corresponding TRIM command i1s 1ssued
(denoted as “delete 5K” and “TRIM 5K.,” respectively, 1n
FIG. 1), and then a file with a size of 3K 1s deleted and a
corresponding TRIM command 1s 1ssued (denoted as “delete
3K and “TRIM 3K.,” respectively, in FIG. 1). However,
some side eflects are introduced due to the online issue
scheme. For example, the online 1ssue scheme increases the
system loading and affects the reading and writing perfor-
mances. This 1s because sending the TRIM command will
occupy the bandwidth of the SSD. Further, after the SSD
receives the TRIM command, the garbage collection mecha-
nism may be enabled. Hence, the online 1ssue scheme will
temporarily make the SSD have reading and writing perfor-
mance drop.

Please refer to FIG. 2, which 1s a diagram 1llustrating a
related art offline issue scheme. The offline 1ssue scheme
may be realized as: imstead of immediately sending the
TRIM command to the SSD upon deletion of a file, sending
the TRIM command to the SSD afterwards. Specifically,
according to the offline 1ssue scheme, the TRIM commands
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are all 1ssued at a predetermined time. For example, a file
with a size of 500K 1s deleted (denoted as “delete 500K™ in

FIG. 2), then a file with a size of 3K 1s deleted (denoted as
“delete 5K 1n FI1G. 2), then a file with a size of 1K 1s deleted
(denoted as “delete 1K™ 1n FIG. 2), then a file with a size of
5K 1s deleted (denoted as “delete 5K 1n FIG. 2), and then
a file with a size of 3K 1s deleted (denoted as “delete 3K™ 1n
FIG. 2). The conventional execution condition 10 1s the
current time equal to the aforementioned predetermined
time, such as a scheduling time or a user-defined time, which
1s denoted as “scheduling time or user-defined time” in FIG.
2. However, the offline issue scheme will generate some
problems such as some side eflects. For example, the soft-
ware module “Istrim” 1n the “Ubuntu” operating system may
scan the whole file system when executed for the first time
alter the computer 1s powered on, 1n order to find all storage
spaces with no valid data stored therein, and then issue the
TRIM commands to all the found storage spaces with no
valid data stored therein. However, the timing of performing
the software module “fstrim” needs to be carefully consid-
ered. I 1t 1s performed based on a scheduling manner, the
scan operation 1s not effective and increases the system
loading when the data deletion amount 1s not large or even
zero. I 1t 1s manually triggered by the user, the user may feel
inconvenient. For another example, the “Android” operating
system may try to 1ssue the TRIM commands only when the
device 1s charged through some mechanisms. More particu-
larly, the frequency of issuing the TRIM command may be
about once a day. However, the increased system loading
resulting from performing the scan operation under the
situation that the data deletion amount 1s not larger still
exi1sts.

In view of above, the traditional schemes cannot improve
the access performance of the SSD without introducing side
cllects. Theretfore, a novel method for improving the access
performance of the SSD 1s needed.

SUMMARY OF THE INVENTION

Hence, an objective of the present mnvention 1s to provide
a method, an apparatus and a computer program product, to
solve the aforementioned problems.

Another objective of the present invention 1s to provide a
method, an apparatus and a computer program product, to
improve the performance of the SSD without generating side
ellects.

Another objective of the present invention 1s to provide a
method, an apparatus and a computer program product, to
improve the overall performance of an electronic device
including the SSD 1nside.

In a preferred embodiment of the present invention, a
method for adaptively managing a solid state drive (SSD)
applied to an electronic device 1s provided. The method 1s
applied to an electronic device, and the SSD 1s arranged 1n
the electronic device. The method includes the following
steps: monitoring whether any deletion event regarding a file
system established on the SSD exists, to selectively update
a deletion amount accumulation value, where the deletion
amount accumulation value represents a total deleted data
amount of at least one deletion event of the file system; and
after the deletion amount accumulation value reaches a
predetermined deletion amount accumulation threshold
value, sending at least one TRIM command to the SSD, to
allow the SSD to recycle reusable storage space by utilizing
a garbage collection mechamsm of the SSD. For example,
the atorementioned at least one deletion event may include
one or multiple deletion events of the file system.
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Besides the above method, the present mvention also
correspondingly provides an apparatus for adaptively man-
aging a solid state drive (SSD), where the apparatus includes
at least a portion of an electronic device and arranged in the
electronic device. The SSD is arranged in the electronic °
device, and the SSD 1s used to provide a data storage service
to the electronic device. The apparatus includes an interface
circuit and a processing circuit. The interface circuit is
arranged for coupling to the SSD. The processing circuit 1s
coupled to the SSD through the interface circuit, and
arranged for controlling the operation of the electronic
device and adaptively managing the SSD. Further, the
processing circuit monitors whether any deletion event
regarding a file system established on the SSD exists, to
selectively update a deletion amount accumulation value,
where the deletion amount accumulation value represents a
total deleted data amount of at least one deletion event of the
file system. Moreover, after the deletion amount accumula-
tion value reaches a predetermined deletion amount accu- 2¢
mulation threshold value, the processing circuit sends at
least one TRIM command to the SSD, to allow the SSD to
recycle reusable storage space by utilizing a garbage col-
lection mechanism of the SSD. For example, the aforemen-
tioned at least one deletion event may include one or 25
multiple deletion events of the file system.

Besides the above method, the present mvention also
correspondingly provides a computer program product,
which includes a program code arranged to indicate at least
one processing circuit to perform the above method.

One advantage provided by the present invention 1s that,
compared with related art techniques, the method, apparatus
and computer program product of the present invention may
raise the performance of the SSD without generating side
cllects. Further, the method, apparatus and computer pro-
gram product of the present mnvention may raise the overall
performance of the electronic device without generating side
cllects. Moreover, compared with related art techniques, the
method, apparatus and computer program product of the 49
present invention may mimmize the situation that the per-
formance of the SSD drops due to frequently sending TRIM
commands, and may determine an appropriately timing of
issuing the TRIM commands, to avoid unnecessary system
loadings. 45

These and other objectives of the present imnvention will
no doubt become obvious to those of ordinary skill 1n the art
after reading the following detailed description of the pre-
terred embodiment that is 1llustrated 1n the various figures

and drawings.
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FIG. 1 1s a diagram 1llustrating a related art online issue
scheme.

FIG. 2 1s a diagram 1llustrating a related art oflline issue
scheme.

FIG. 3 1s a diagram 1llustrating an apparatus for adaptively
managing an SSD according to a first embodiment of the
present mvention.

FIG. 4 1s a flowchart 1llustrating a method for adaptively
managing an SSD according to a first embodiment of the
present mvention.

FI1G. 5 15 a diagram illustrating a control scheme involved 45
by the method shown 1n FIG. 4 according to an embodiment
of the present invention.
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FIG. 6 1s a diagram illustrating an operation procedure
involved by the control scheme shown 1n FIG. 5 according
to an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 3 1s a diagram illustrating an apparatus 100 for
adaptively managing an SSD according to a first embodi-
ment of the present invention, where the apparatus 100 may
include a portion (e.g., part or all) of an electronic device.
The SSD 1s positioned in the electronic device, and may be
used to provide a data storage service to the electronic
device. For example, the apparatus 100 may be a circuit
system 1n the electronic device. For another example, the
apparatus 100 may be the whole electronic device. The
clectronic device may be, but 1s not limited to, a server, a
personal computer, a personal digital assistant (PDA), a
mobile phone or a tablet. However, this 1s merely for
illustrative purpose, and not meant to be a limitation to the
present 1nvention.

As shown in FIG. 3, the apparatus 100 may include a
processing circuit 110 and an interface circuit 115. The
processing circuit 110 and the interface circuit 115 are
coupled to each other, where the solid state drive (SSD) 120
may be an example of the aforementioned SSD. In this
embodiment, the interface circuit 115 1s used to couple to the
SSD 120. More particularly, the processing circuit 110 1s
coupled to the aforementioned SSD such as the SSD 120
through the interface circuit 115. However, this 1s merely for
illustrative purpose, and not meant to be a limitation to the
present mvention. In some modifications of the embodi-
ment, the apparatus 100 may include the atorementioned
SSD such as the SSD 120. Further, in this embodiment, the
processing circuit 110 may include at least one processor to
execute a program code 110B, and the processing circuit 110
for executing the program code 110B 1s used for controlling
the operation of the electronic device and adaptively man-
aging the aforementioned SSD such as the SSD 120. More
particularly, the processing circuit 110 includes an intelli-
gent trim-control module (not shown 1n FIG. 3), arranged for
adaptively managing the aforementioned SSD such as the
SSD 120. For example, the intelligent trim-control module
may be at least one program module 1n the program code
110B, such as at least one software module, where the
program code 110B may represent a program executed in the
clectronic device (e.g., the aforementioned server, personal
computer, personal digital assistant (PDA), mobile phone, or
tablet). However, this 1s merely for illustrative purpose, and
not meant to be a limitation to the present invention.
According to some modifications of this embodiment, the
program code 110B may be embedded in the processing
circuit 110, and the intelligent trim-control module may be
a hardware circuit, such as at least a portion (e.g., part or all)
of the processing circuit.

According to this embodiment, the processing circuit 110
(especially the intelligent trim-control module) that executes
the program code 110B may determine the timing for
sending the TRIM command, to adaptively manage the file
system established on the atorementioned SSD such as the
SSD 120. For example, when the file system deletes files, the
processing circuit 110 that executes the program code 110B
may accumulate the data deletion amount to calculate the
total deleted data amount, and trigger the transmission of the
TRIM command only when the deleted data amount reaches
a predetermined threshold. Hence, the processing circuit 110
that executes the program code 110B informs the SSD 120
through the TRIM command, to facilitate the SSD 120 to
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release corresponding inner storage space, thereby recover-
ing the performance of the SSD 120. Hence, the apparatus
100 of the present invention 1s capable of avoiding the
alforementioned problems 1n the related art, e.g., the perfor-
mance drop of the SSD due to frequently sending the TRIM
commands, and the 1increase of unnecessary system loading.

FIG. 4 1s a flowchart illustrating a method 200 for
adaptively managing an SSD according to an embodiment of
the present invention. The method 200 may be applied to the
apparatus 100 shown in FIG. 3, and more particularly, to the
alorementioned processing circuit 110, such as the process-
ing circuit 110 which executes the program code 110B
through the aforementioned at least one processor, where the
SSD 102 may be an example of the aforementioned SSD.
For example, through utilizing a computer program product,
such as a CD-ROM storing the program code 110B, espe-
cially the installation version thereof, to indicate the afore-
mentioned at least one processor to perform the method 200
shown 1n FIG. 4. Hence, the processing circuit 110 (espe-
cially the intelligent trim-control module) may control the
operation of the electronic device to perform the method 200
shown 1n FIG. 4. However, this 1s merely for illustrative
purpose, and not meant to be a limitation to the present
invention. The method 200 1s described as follows.

In step 210, the processing circuit 110 monitors whether
any deletion event regarding a file system established on the
SSD 120 exists, to selectively update a deletion amount
accumulation value, where the deletion amount accumula-
tion value represents a total deleted data amount of at least
one deletion event of the file system. For example, when a
specific deletion event 1s detected, the processing circuit 110
updates the deletion amount accumulation value according
to the deleted data amount of the specific deletion event.
More particularly, when the specific deletion event 1is
detected, the processing circuit 110 accumulates the deleted
data amount of the specific deletion event to the current
deletion amount accumulation value, to update the deletion
amount accumulation value. Hence, during the monitoring
operation i step 210, the aforementioned at least one
deletion event may include one or multiple deletion events
of the file system, and the deletion amount accumulation
value 1s equal to the summation of sizes of deleted data in
the aforementioned one or multiple events.

In step 220, after the deletion amount accumulation value
reaches a predetermined deletion amount accumulation
threshold value (e.g., the aforementioned predetermined
threshold), the processing circuit 110 sends at least one
TRIM command (e.g., one or more TRIM commands) to the
SSD 120, to allow the SSD 120 to recycle reusable storage
space by utilizing a garbage collection mechanism of the
SSD 120. For example, when the deletion amount accumu-
lation value reaches the predetermined deletion amount
accumulation threshold value, the processing circuit 110
determines whether the at least one TRIM command 1nter-
teres with the performance of the electronic device. More
particularly, when the at least one TRIM command 1s
determined to not interfere with the performance of the
clectronic device, the processing circuit 110 immediately
sends the at least one TRIM command to the SSD 120 to
allow the SSD 120 to recycle reusable storage space by
utilizing the garbage collection mechanism of the SSD 120.
Otherwise, when the at least one TRIM command 1s deter-
mined to interfere with the performance of the electronic
device, the processing circuit 110 delays the operation of
sending the at least one TRIM command to the SSD 120,
until the at least one TRIM command will not interfere with
the performance of the electronic device.
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In practice, the processing circuit 110 may determine
whether the aforementioned at least one TRIM command
interferes with the performance of the electronic device
(especially the inner elements thereof, such as the afore-
mentioned at least one processor) based on whether the
clectronic device 1s busy. For example, when the deletion
amount accumulation value reaches the predetermined dele-
tion amount accumulation threshold value, the processing
circuit 110 immediately sends the at least one TRIM com-
mand to the SSD 120 to allow the SSD 120 to recycle
reusable storage space by utilizing the garbage collection
mechanism of the SSD 120 under a situation that a usage
rate ol a processor of the electronic device does not exceed
a predetermined usage rate threshold value (e.g., 80%, 70%,
or a specific value within 0%-100%), where this processor
may be an example of the aforementioned at least one
processor. However, this 1s merely for illustrative purpose,
and not meant to be a limitation to the present invention. For
another example, when the deletion amount accumulation
value reaches the predetermined deletion amount accumu-
lation threshold value, the processing circuit 110 immedi-
ately sends the at least one TRIM command to the SSD 120
to allow the SSD 120 to recycle reusable storage space by
utilizing the garbage collection mechanism of the SSD 120
under a situation that a usage rate of the SSD 120 does not
exceed another predetermined usage rate threshold value
(e.g., 85%, 75%, or a specific value within 0%-100%). For
yet another example, when the deletion amount accumula-
tion value reaches the predetermined deletion amount accu-
mulation threshold value, the processing circuit 110 1imme-
diately sends the at least one TRIM command to the SSD
120 to allow the SSD 120 to recycle reusable storage space
by utilizing the garbage collection mechanism of the SSD
120 under a situation that a usage rate of the processor of the
clectronic device does not exceed a predetermined usage
rate threshold value and a usage rate of the SSD 120 does not
exceed another predetermined usage rate threshold value.

Please note that, the atorementioned predetermined usage
rate threshold value 1s used to determine whether the pro-
cessor of the electronic device 1s busy, and the aforemen-
tioned another predetermined usage rate threshold value 1s
used to determine whether the SSD 120 1s busy. In a typical
situation, the predetermined usage rate threshold value and
the other predetermined usage rate threshold value may be
uncorrelated to each other. For example, the predetermined
usage rate threshold value may be unequal to the predeter-
mined usage rate threshold value. However, this 1s merely
for 1llustrative purpose, and not meant to be a limitation to
the present invention. According to a modification of this
embodiment, the other predetermined usage rate threshold
value may be equal to the predetermined usage rate thresh-
old value. According to some modifications of this embodi-
ment, the predetermined usage rate threshold value may be
correlated to the other predetermined usage rate threshold
value.

In step 230, after sending the aforementioned at least one
TRIM command to the SSD 120, the processing circuit 110
resets the deletion amount accumulation value for the use of
monitoring following deletion events of the file system. For
example, the processing circuit 110 may reset the deletion
amount accumulation value to 0. In practice, the processing
circuit 110 may reset a parameter temporarily used to store
the deletion amount accumulation value to 0.

According to this embodiment, the processing circuit 110
may determine whether the aforementioned at least one
TRIM command interferes with the performance of the
clectronic device based on whether the electronic device
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(more particularly, the inner elements thereot, such as the
alforementioned at least one processor) 1s busy, and refer to
the judgment result to determine whether to delay the
operation of sending the aforementioned at least one TRIM
command to the SSD 120. However, this 1s merely for
illustrative purpose, and not meant to be a limitation to the
present mvention. According to some modifications of this
embodiment, when the deletion amount accumulation value
reaches the predetermined deletion accumulation threshold
value, the processing circuit 110 immediately sends the
alorementioned at least one TRIM command to the SSD 120
to allow the SSD 120 to recycle reusable storage space by
utilizing the garbage collection mechanism of the SSD 120.
That 1s, 1n these modifications, before sending the afore-
mentioned at least one TRIM command to the SSD 120, the
processing circuit 110 does not need to determine whether
the aforementioned at least one TRIM command interferes
with the performance of the electronic device 1n advance.

Please refer to FIG. 5, which 1s a diagram 1llustrating a
control scheme mvolved by the method 200 shown 1n FIG.
4 1n an embodiment. For example, a file with a si1ze of S00K
1s deleted (denoted as “delete 500K™ 1n FIG. 35), then a file
with a size of 5K 1s deleted (denoted as “delete SK” 1n FIG.
5), then a file with a size of 1K 1s deleted (denoted as “delete
1K” 1 FIG. §), then a file with a size of 3K 1s deleted
(denoted as “delete SK™ 1n FIG. 5), and then a file with a size
of 3K 1s deleted (denoted as “delete 3K in FIG. 5).
According to this embodiment, the execution condition 310
of the control scheme 1s that the deletion amount accumu-
lation value reaches the predetermined deletion accumula-
tion threshold value (denoted as “the deletion amount
reaches a specific value” i FIG. 5), where the deletion
amount accumulation value 1s simplified as “deletion
amount,” and “a specific value” shown 1n FIG. 5 may be
viewed as an example of the predetermined deletion amount
accumulation threshold value. Hence, when the execution
condition 310 of the control scheme 1s satisfied, the pro-
cessing circuit 110 (especially the intelligent trim-control
module) that executes the program code 110B will enable
the TRIM oflline mechanism of the embodiment (or a
modification thereof) shown in FIG. 4.

In practice, the processing circuit 110 (especially the
intelligent trim-control module) that executes the program
code 110B may utilize the SSD 10 to store the latest value
of the deletion amount accumulation value, 1n order to
obtain a sum of sizes of deleted files 1n aforementioned one
or more deletion events (e.g., a sum of sizes of {iles that are
already deleted). More particularly, the deletion amount
accumulation value may be stored 1n a block of the SSD 120.
However, this 1s merely for illustrative purpose, and not
meant to be a limitation to the present invention.

Further, the processing circuit 110 (especially the intelli-
gent trim-control module) that executes the program code
110B may preset the deletion amount accumulation thresh-
old value to the size of the over-provisioning block of the
SSD 120. In practice, the space of the aforementioned
over-provisioning block equals the actual capacity in the
SSD 120 minus the useable capacity for users. The space of
the over-provisioning block may be reserved for the SSD
120 to use when the SSD 120 performs some background
tasks (or background operations), where the atorementioned
background tasks may include operations such as overwrait-
ing and garbage recycling. For example, when the over-
provisioning block 1s exhausted, thus lacking suflicient
storage space for the SSD 120 to perform the aforemen-
tioned background operation, the operation speed of the
SSD 120 will become lower 1n typical conditions. Hence, 1n
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a case where the processing circuit 110 (especially the
intelligent trim-control module) that executes the program
code 110B presets the predetermined deletion amount accu-
mulation threshold value to the size of the over-provisioning
block, after the processing circuit 110 issues the TRIM
command to the SSD 120, the SSD 120 may release a space
with a size equal to that of the over-provisioning block, thus
enhancing the performance of the SSD 120. However, this
1s merely for illustrative purpose, and not meant to be a
limitation to the present invention. For example, based on
the default setting or the user-defined setting, the processing,
circuit 110 (especially the intelligent trim-control module)
that executes the program code 110B may set the predeter-
mined deletion amount accumulation threshold value by a
fixed value (e.g., 10% of the capacity of the SSD 120, 20%
of the capacity of the SSD 120, or a ratio between 0%-100%
multiplied by the capacity of the SSD 120).

Please refer to FIG. 6, which 1s a diagram 1llustrating an
operation procedure 400 mmvolved by the control scheme
shown 1n FIG. 5 according to an embodiment of the present
invention.

In step 410, the processing circuit 110 detects a deletion
event. For example, this deletion event may be the afore-
mentioned specific deletion event.

In step 420, the processing circuit 110 accumulates sizes
of deleted files. For example, in a case where the deletion
event mentioned 1n step 410 1s the atorementioned specific
deletion event, the processing circuit 110 updates the dele-
tion amount accumulation value according to the deletion
data amount of the specific deletion event. Specifically,
when the specific deletion event 1s detected, the processing
circuit 110 accumulates/adds the deletion data amount of the
specific deletion event to the current deletion amount accu-
mulation value, to update the deletion amount accumulation
value.

In step 430, the processing circuit 110 checks whether the
corresponding accumulation value (i.e., the latest accumu-
lation value obtained from the accumulation operation 1n
step 420) 1s larger than the alforementioned predetermined
threshold value (denoted as “threshold value” 1in FIG. 6),
where the accumulation value may be an example of the
aforementioned deletion amount accumulation value, and
the predetermined threshold value may be an example of the
aforementioned predetermined deletion accumulation
threshold value. When the accumulation value 1s detected to
be larger than the predetermined threshold value, the flow
goes 1o step 440; otherwise, the tlow goes to step 410 again.

In step 440, the processing circuit 110 starts to oflfline
issue the TRIM command.

In step 450, the processing circuit 110 clears the accu-
mulation value, wherein the accumulation value may be an
example of the aforementioned deletion amount accumula-
tion value. In practice, the processing circuit 110 may reset
the parameter utilized to temporarily store the deletion
amount accumulation value (such as the accumulation
value) to zero. After the step 450 1s completed, the flow goes
to step 410 again.

In practice, when performing step 440 (e.g., the operation
of oflline 1ssuing the TRIM command to the SSD 120), the
processing circuit 110 may first re-scan the whole file system
to determine the logical block addresses (LBAs) 1n the file
system that have no files, and then 1ssue the TRIM com-
mands to the SSD 120 for all of the LBAs having no files.
However, this 1s merely for illustrative purpose, and not
meant to be a limitation to the present invention. According
to some embodiments of the present invention such as some
modifications of the embodiment shown in FIG. 4, when
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updating the deletion amount accumulation value, the pro-
cessing circuit 110 may record LBAs of the deleted files for
the use of sending the aforementioned at least one TRIM
command. Specifically, according to some modifications of
the embodiments shown 1n FIGS. 5 and 6, the processing
circuit 110 may record the LBAs of the deleted files while
performing the deletion amount accumulation. When 1ssuing,
the TRIM commands 1n a later step, the processing circuit
110 may directly check recorded LBAs. For example, when
it 1s detected that certain LBA currently still has no data, the
processing circuit 110 may focus on this LBA to 1ssue the
TRIM command to the SSD 120. In this way, when the
operation 1n step 440 1s performed, the time for scanning the
entire file system may be saved.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What 1s claimed 1s:

1. A method for adaptively managing a solid state drive
(SSD), the method comprising following steps:

monitoring, by a processing circuit of an electronic

device, whether any deletion event regarding a file
system established on the SSD exists, to selectively
update a deletion amount accumulation value, wherein
the deletion amount accumulation value 1s a total
deleted data amount of at least one deletion event of the
file system; and

sending at least one TRIM command, by the processing

circuit, to the SSD after the deletion amount accumu-
lation value reaches a predetermined deletion amount
accumulation threshold value, to allow the SSD to
recycle reusable storage space by utilizing a garbage
collection mechanism of the SSD:;

wherein the SSD 1s positioned in another electronic

device external to the electronic device, and the method
1s executed by the electronic device.

2. The method of claim 1, wherein the step of monitoring,
whether any deletion event regarding the file system estab-
lished on the SSD exists to selectively update the deletion
amount accumulation value further comprises:

updating the deletion amount accumulation value accord-

ing to a deleted data amount of the specific deletion
event when a specific deletion event 1s detected.

3. The method of claim 2, wherein the step of monitoring
whether any deletion event regarding the file system estab-
lished on the SSD exists to selectively update the deletion
amount accumulation value further comprises:

accumulating the deleted data amount of the specific

deletion event to the deletion amount accumulation
value to update the deletion amount accumulation value
when the specific event 1s detected.

4. The method of claim 1, wherein the step of sending the
at least one TRIM command to the SSD to allow the SSD to
recycle reusable storage space by utilizing the garbage
collection mechanism of the SSD further comprises:

determining whether the at least one TRIM command

interferes with performance of the electronic device
when the deletion amount accumulation value reaches
the predetermined deletion amount accumulation
threshold value; and

immediately sending the at least one TRIM command to

the SSD when the at least one TRIM command 1s
determined to not interfere with the performance of the
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clectronic device, to allow the SSD to recycle reusable
storage space by utilizing the garbage collection
mechanism of the SSD.

5. The method of claim 4, wherein the step of sending the
at least one TRIM command to the SSD to allow the SSD to
recycle reusable storage space by utilizing the garbage
collection mechanism of the SSD further comprises:

immediately sending the at least one TRIM command to

the SSD under a situation that a usage rate of a
processor of the electronic device does not exceed a
predetermined usage rate threshold value when the
deletion amount accumulation value reaches the pre-
determined deletion amount accumulation threshold
value, to allow the SSD to recycle reusable storage

space by utilizing the garbage collection mechanism of
the SSD.

6. The method of claim 4, wherein the step of sending the
at least one TRIM command to the SSD to allow the SSD to
recycle reusable storage space by utilizing the garbage
collection mechanism of the SSD further comprises:

immediately sending the at least one TRIM command to

the SSD under a situation that a usage rate of the SSD
does not exceed a predetermined usage rate threshold
value when the deletion amount accumulation value
reaches the predetermined deletion amount accumula-
tion threshold value, to allow the SSD to recycle
reusable storage space by utilizing the garbage collec-
tion mechanism of the SSD.

7. The method of claim 4, wherein the step of sending the
at least one TRIM command to the SSD to allow the SSD to
recycle reusable storage space by utilizing the garbage
collection mechanism of the SSD further comprises:

delaying an operation of sending the at least one TRIM

command to the SSD when the at least one TRIM
command 1s determined to interfere with the perfor-
mance of the electronic device, until the at least one
TRIM command does not interfere with the perfor-
mance of the electronic device.

8. The method of claim 1, wherein the step of sending the
at least one TRIM command to the SSD to allow the SSD to
recycle reusable storage space by utilizing the garbage
collection mechanism of the SSD further comprises:

immediately sending the at least one TRIM command to

the SSD when the deletion amount accumulation value
reaches the predetermined deletion amount accumula-
tion threshold wvalue, to allow the SSD to recycle
reusable storage space by utilizing the garbage collec-
tion mechanism of the SSD.

9. The method of claim 1, further comprising:

resetting the deletion amount accumulation value for the

use of monitoring following deletion events of the file
system after sending the at least one TRIM command
to the SSD.

10. The method of claim 1, further comprising;:

recording positions of deleted files for the use of sending

the at least one TRIM command when updating the
deletion amount accumulation value.

11. A non-transitory computer readable medium, storing a
program code arranged to instruct at least one processing
circuit to perform the method of claim 1.

12. An apparatus for adaptively managing a solid state
drive (SSD), the apparatus comprising at least a portion of
an electronic device, the SSD positioned 1n the electronic
device and used for providing a data storage service to the
clectronic device, the apparatus comprising:

an 1terface circuit, arranged for coupling to the SSD; and
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a processing circuit, coupled to the SSD through the
interface circuit, the processing circuit arranged for
controlling an operation of the electromic device and
adaptively managing the SSD, wherein the processing
circuit momtors whether any deletion event regarding a
file system established on the SSD exists, to selectively
update a deletion amount accumulation value, wherein
the deletion amount accumulation value 1s a total
deleted data amount of at least one deletion event of the
file system:;

wherein after the deletion amount accumulation value
reaches a predetermined deletion amount accumulation
threshold value, the processing circuit sends at least
one TRIM command to the SSD, to allow the SSD to
recycle reusable storage space by utilizing a garbage
collection mechanism of the SSD.

13. The apparatus of claim 12, wherein when a specific
deletion event 1s detected, the processing circuit updates the
deletion amount accumulation value according to a deleted
data amount of the specific deletion event.

14. The apparatus of claim 13, wherein when the specific
deletion event 1s detected, the processing circuit accumu-
lates the deleted data amount of the specific deletion event
to the deletion amount accumulation value, to update the
deletion amount accumulation value.

15. The apparatus of claim 12, wherein when the deletion
amount accumulation value reaches the predetermined dele-
tion amount accumulation threshold value, the processing
circuit determines whether the at least one TRIM command
interferes with performance of the electronic device; and
when the at least one TRIM command 1s determined to not
interfere with the performance of the electronic device, the
processing circuit immediately sends the at least one TRIM
command to the SSD, to allow the SSD to recycle reusable
storage space by utilizing the garbage collection mechanism
of the SSD.

16. The apparatus claim 15, wherein when the deletion
amount accumulation value reaches the predetermined dele-
tion amount accumulation threshold value, the processing
circuit immediately sends the at least one TRIM command
to the SSD under a situation that a usage rate of a processor
of the electronic device does not exceed a predetermined
usage rate threshold value, to allow the SSD to recycle
reusable storage space by utilizing the garbage collection
mechamism of the SSD.

17. The apparatus of claim 15, wherein when the deletion
amount accumulation value reaches the predetermined dele-
tion amount accumulation threshold value, the processing
circuit immediately sends the at least one TRIM command
to the SSD under a situation that a usage rate of the SSD
does not exceed a predetermined usage rate threshold value,
to allow the SSD to recycle reusable storage space by
utilizing the garbage collection mechanism of the SSD.

18. The apparatus of claim 15, wherein when the at least
one TRIM command i1s determined to interfere with the
performance of the electronic device, the processing circuit
delays an operation of sending the at least one TRIM
command to the SSD, until the at least one TRIM command
does not interfere with the performance of the electronic
device.

19. The apparatus of claim 12, wherein when the deletion
amount accumulation value reaches the predetermined dele-
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tion amount accumulation threshold value, the processing
circuit immediately sends the at least one TRIM command
to the SSD, to allow the SSD to recycle reusable storage

space by utilizing the garbage collection mechanism of the
SSD.

20. The apparatus of claim 12, wherein after sending the
at least one TRIM command to the SSD, the processing
circuit resets the deletion amount accumulation value for the
use of monitoring following deletion events of the file
system.

21. The apparatus of claim 12, wherein when updating the
deletion amount accumulation value, the processing circuit
records positions of deleted files for the use of sending the
at least one TRIM command.

22. A method for adaptively managing a solid state drive
(SSD), the method applied to an electronic device, the SSD
positioned 1n the electronic device, the method comprising
following steps:

monitoring, by a processing circuit of the electronic
device, whether any deletion event regarding a file
system established on the SSD exists, to selectively
update a deletion amount accumulation value, wherein
the deletion amount accumulation value i1s a total
deleted data amount of at least one deletion event of the
file system; and

sending at least one TRIM command, by the processing
circuit, to the SSD after the deletion amount accumu-
lation value reaches a predetermined deletion amount
accumulation threshold value, to allow the SSD to
recycle reusable storage space by utilizing a garbage
collection mechanism of the SSD;

wherein the method 1s executed by the electronic device.

23. An apparatus for adaptively managing a solid state
drive (SSD), the apparatus comprising:

an electronic device external to the SSD, wherein the
clectronic device comprises:

an interface circuit, arranged for coupling to the SSD;
and

a processing circuit, coupled to the SSD through the
interface circuit, the processing circuit arranged for
controlling an operation of the electronic device and
adaptively managing the SSD, wherein the process-
ing circuit monitors whether any deletion event
regarding a file system established on the SSD exists,
to selectively update a deletion amount accumulation
value, wherein the deletion amount accumulation
value 1s a total deleted data amount of at least one
deletion event of the file system:;

wherein aifter the deletion amount accumulation value
reaches a predetermined deletion amount accumulation
threshold value, the processing circuit sends at least
one TRIM command to the SSD, to allow the SSD to
recycle reusable storage space by utilizing a garbage
collection mechanism of the SSD:; and the SSD 1s
positioned in another electronic device being external
to the electronic device.
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